T urf water use is comprised of the volume of water lost through transpiration from the shoots and the water evaporated from the soil surface (evapotranspiration [ET] ) (Beard, 1973; Huang, 2008) . Studies have shown that ET does not need to be fully replaced through irrigation because most turfgrasses can sustain functionality and quality even at irrigation levels below ET (Schiavon et al., 2011; Shearman, 2008) . These considerations have led to the concept of deficit irrigation, for which irrigation is applied below ET rates. Three approaches to deficit irrigation have been suggested (Tayfur et al., 1995) : first, reducing irrigation run times and consequently the amount of water applied per irrigation event; second, maintaining run times, but increasing the time in between irrigation events; and third, decreasing irrigation amounts preferably measured as ET when the plants are not fully growing or in times when they are less susceptible to drought stresses. ) water from either a sprinkler or subsurface drip irrigation (SDI) system. Chlorophyll a and b and carotenoids content and superoxide dismutase activity (SOD) in leaves and stolons were measured monthly to assess response to turf stress. Princess 77 plots treated with TE showed the highest chlorophyll and carotenoids content (15.7 and 6.0 µg g 1 fresh weight [FW] , respectively) and greatest SOD activity in leaves (37.7 units mg 1 proteins). Both grasses under SDI had higher pigment content at the end of the study than sprinkler-irrigated grasses, suggesting that SDI may be more effective than sprinkler under deficit evapotranspiration (ET) replacement conditions. Only a weak correlation was found between chlorophyll content and either Normalized Difference Vegetation Index (NDVI) or visual ratings.
Plant Growth Regulator and Soil
Several studies confirmed that deficit irrigation can be used successfully as a water conservation strategy. In a study conducted by Meyer and Gibeault (1987) , bermudagrass and seashore paspalum performed equally well when irrigated with either 100 or 60% ET. Garrot and Mancino (1994) were able to sustain three bermudagrass cultivars under fairway conditions at only 60% reference evapotranspiration (ET 0 ) without any loss in quality, density, or color. The majority of these studies concluded that cool-season species required higher irrigation levels to maintain turf at an acceptable quality level. Irrigation at 80% ET has been reported as necessary to sustain Kentucky bluegrass (Poa pratensis L.), perennial reyegrass (Lolium perenne L.), tall fescue (Festuca arundinacea Schreb.) (Meyer and Gibeault, 1987) , creeping bentgrass (Agrostis stolonifera L.) (Sass and Horgan, 2006) , and colonial bentgrass (Agrostis capillaris L.) (DaCosta and Huang, 2006) .
If irrigation or rainfall is not sufficient and plants are subjected to a water deficit, the resulting drought stress can limit the capacity for carbon fixation. However, light absorption continues even under drought stress, generating excessive energy that cannot be used for carbon fixation. This imbalance results in oxidative stress for the plants, caused by the reaction of molecular oxygen species with the formation of active oxygen species (AOS) such as singlet oxygen ( (Asada, 1999; DaCosta and Huang, 2007) . These oxygen species are highly toxic to plants, as they lead to oxidative lipid peroxidation and damage to nucleic acids, and proteins (Smirnoff, 1993) . As a consequence of cell-membrane injuries, the photosynthetic apparatus can be jeopardized, leading to the degradation of chlorophyll (Foyer et al., 1994; Smirnoff, 1993) . Drought stress, however, is not the only cause of the formation of AOS; oxidative stresses may also occur as a result of temperature extremes (Mishra and Singhal, 1992; Schoner and Krause, 1990) . Plants possess enzymatic and nonenzymatic systems that scavenge active oxygen species. Superoxide dismutases have been identified as an essential component in organisms' defense mechanisms as they react directly with AOS and consequently have been the subject of many studies. Superoxide dismutases catalyse the dismutation of superoxide radicals to hydrogen peroxide and ozone, but the function of the scavenging enzyme systems can be interrupted by drought or heat stress, which can result in lipid peroxidation and consequent membrane damage (Chowdhury and Choudhuri, 1985; Dat et al., 1998; ; Jagtap and Bhargava, 1995; Zhang and Kirkham, 1994) . When a plant undergoes a long period of stress, the formation of AOS is intensified and antioxidant activity is increased as a result of AOS accumulation (Smirnoff, 1993) . If the stress is too intense or prolonged, AOS formation surpasses the scavenging capacity of antioxidant enzymes (van Breusegem et al., 1998), causing cellular damage, which on a macro scale is reflected in loss of turf color and quality and ultimately functionality. DaCosta and Huang (2007) suggested that resistance to drought stress might be associated with greater oxidative scavenging ability. Zhang and Schmidt (1999) also found that Kentucky bluegrass plants exhibiting higher levels of antioxidant enzyme activity maintained better turf quality under drought stress.
Reduction of transpiration through reduced growth is considered a drought avoidance mechanism developed by plants (Huang and Jiang, 2002) . Trinexapac-ethyl is an effective PGR that interferes with the biosynthesis of the active form of gibberellin, thus inhibiting shoot elongation. Therefore, the application of TE can reduce ET and the associated irrigation needs. Lower ET rates have been noted in plants treated with PGR King et al., 1997; Marcum and Jiang, 1997) . Nonetheless, the physiological changes occurring in stressed plants after the application of TE are not completely understood. Increased drought tolerance of perennial ryegrass has been documented after foliar application of TE . Goss et al. (2002) reported that TE applications improved quality, cover, and fructose content in creeping bentgrass grown under shade conditions. Xu and Huang (2010) documented higher turf quality, greater density, and higher chlorophyll content and photosynthetic rate during the summer months in creeping bentgrass treated with a foliar application of TE. Moreover, creeping bentgrass treated with TE and subjected to a combination of drought and heat stress exhibited higher turf quality, higher relative leaf water content and chlorophyll content after 21 d of stress (McCann and Huang, 2007) . Higher chlorophyll content has also been documented in TEtreated turf plants under unstressed conditions (Ervin and Koski, 2001) . Baldwin et al. (2006) tested the effect of TE on two cultivars of bermudagrass irrigated with saline water. The authors concluded that the cultivar Champion responded positively to TE and produced acceptable turf quality when irrigated with saline water, but Tif Eagle did not. In addition, TE increased root growth by 25% in both cultivars. However, most of this research was conducted in controlled environment studies and it is not clear whether these results can be replicated under field conditions when plants are subjected to multiple stresses. To date, no published results are available on the effects of long-term application of TE on bermudagrass and seashore paspalum quality under saline irrigation in the desert Southwest.
Water deficit can also be caused by hydrophobic soil conditions that prevent water penetration and unsaturated flow, with negative consequences on water uptake of plants and turf quality (Shearman, 2008 ) pumped from a saline aquifer located in proximity to the research station. Chemical constituents of both water qualities are listed in the companion paper (Schiavon et al., 2014) . Irrigation was provided either by means of a Toro DL2000 subsurface drip irrigation system (The Toro Company, Bloomington, MN) installed at a depth of 10 cm, with each line spaced 33 cm from the next line, or sprinkler heads (Toro MPR spray nozzles) positioned at the corner of each main block. The subsurface drip system was operated at 200 kPa and emitter delivery rates of 2 L h
1
. Irrigation audits were conducted in May, June, and August of each year on sprinkler-irrigated plots to guarantee a distribution uniformity of 0.7 or greater. To replace water loss from the turf stand and to impose drought stress, plots were irrigated at 50% of reference evapotranspiration for short grass (ET OS , Snyder and Eching, 2007) during the main growing season (1 June to 1 October). Before plants entered dormancy (1 October to 15 November) and during spring greenup (15 March to 1 June), plants were irrigated at 80% ET OS (Snyder and Eching, 2007) . Irrigation scheduling was suspended during the dormancy period and plots received water once every two weeks. Irrigation run times were calculated every Monday on the basis of the previous week's ET OS and plots received a daily equivalent of 7% of the previous total weekly ET OS . Irrigation water use for each irrigated main block was recorded by means of water meters (Invensys Process Systems Inc., Plano, TX) and run times were calculated on the basis of emitter and sprinkler delivery rates compared with water meter readings.
Plots were treated with either Revolution wetting agent (Aquatrols Corp., Paulsboro, NJ; 20 L ha 1 mo
) or TE (Syngenta Professional Products, Greensboro, NC; 1.6 L ha 1 mo
). Treatments were applied monthly from June to September. Chemical treatments were tested against an untreated control that received only potable water. Research presented in the companion paper (Schiavon et al., 2014) covered the effects of two surfactants (Revolution and Dispatch) on turfgrass quality of Princess 77 and Sea Spray. However, due to funding limitations, it was only possible to conduct a more in-depth examination of effects on plant physiological parameters with Revolution. Plots were mowed with a reel mower three times per week at a height of 2 cm and clippings were collected. From April to October, the plots received 20 g N, 2.2 g P, and 4.2 g K m 2 . Turfgrass samples were collected monthly during each stress period ( June to September). Using a split tube sampler with a diameter of 53 mm (Eijkelkamp, Giesbeek, Netherlands) two samples per plot were collected from a depth of 0 to 5 cm. Grass leaves were separated from the core and the soil core was immediately frozen. Soil cores were later washed using a water centrifuge to separate stolons from soil particles.
Chlorophyll a, chlorophyll b, chlorophyll a + b, and carotenoids content of leaves were analyzed according to the protocol published by Lichtenthaler (1987) . Fifty milligrams of leaves (fresh weight) were crushed in a mortar with a pestle and mixed with 10 mL of 100% acetone. Subsequently, the homogenates were centrifuged for 10 min at 2700 g n . Absorbance of the supernatants at 661.6, 644.8. and 470 nm was recorded with a spectrophotometer. (SpectraMax M2, MDS Analytical Technologies Inc., Sunnyvale, CA). Chlorophyll and carotenoids 2005). They prevent water from moving rapidly in a preferential flow pattern (Dekker and Ritsema, 1994; Dekker et al., 2005) and aid in distributing moisture more uniformly across the entire pore space continuum. Higher soil moisture retention has been documented in surfactant-treated root zones (Leinauer et al., 2001; Miller, 2006; Mitra et al., 2004) . As infiltration and moisture retention increases, irrigation water losses such as runoff and surface evaporation decrease, irrigation efficiency increases, and irrigation requirement decreases. Cisar et al. (2000) showed that wetting agents not only decreased water drop penetration rate, but also increased bermudagrass quality and reduced the percent of localized dry spots. Diminished soil water repellency and increased water quality linked to a reduction of afternoon leaf wilting have been documented on golf tees treated with wetting agents (Kostka, 2000) . Soldat et al. (2010) documented that the application of a soil surfactant increased the quality of creeping bentgrass in comparison with an untreated control when irrigation was applied at only 30% potential ET. The authors also concluded that volumetric water content was the same in plots treated with wetting agents as in control plots, but in treated plots water was more uniformly distributed than in untreated plots. Harivandi (2007) recommended the use of wetting agents as a management tool to improve wetting uniformity and leaching when recycled water is used for irrigation. However, information is lacking on the long-term effects of repeated applications of surfactants in combination with saline water on turf and root zone quality.
The objective of this study was to investigate the effect of a wetting agent (Revolution [modified methyl capped block copolymer]) and a PGR (TE) on two common warm-season turfgrass species subjected to multiple stresses. Physiological responses of bermudagrass and seashore paspalum were investigated when grass was irrigated at 50% ET 0 using two water qualities (potable vs. saline) from two differing irrigation systems (sprinkler vs. subsurface drip) and treated with a wetting agent or a PGR. This report is a companion paper to an earlier report (Schiavon et al., 2014) that discusses the phenological changes of bermudagrass and seashore paspalum under potable and saline irrigation receiving the same chemical treatments.
MATERIALS AND METHODS
A field study was conducted at the New Mexico State University Turfgrass Salinity Research Center in Las Cruces, NM (USDA Plant Hardiness Zone 8, arid, 1265-m elevation) during the summers and falls during 2010, 2011, and 2012 to study the combined effect of drought and salinity on Sea Spray seashore paspalum and Princess 77 bermudagrass. The soil at the site was a sandy loam, a sandy skeletal mixed thermic Typic Torriorthent, an entisol typical for arid regions. Climate data through the period of the study were collected by a nearby weather station and are presented in the companion paper (Schiavon et al., 2014) . content were subsequently calculated using the following equations (Lichtenthaler, 1987 nalyses for SOD activity followed the protocol described by Zhang et al. (2005) . Enzymes were extracted from 0.25 g of frozen leaves or stolons crushed with liquid nitrogen in an ice-cold mortar with 4 mL of 0.05 M (pH 7.0) Na 2 HPO 4 -NaH 2 PO 4 buffer containing Ethylenediamine-tetraacetic acid (EDTA) and 1% polyvinyl-pyrrolidone. The homogenates were placed in a centrifuge for 20 min at 4°C at 13,000 g n and the supernatant was used for the enzymatic activity assay.
Superoxide dismutase activity was quantified in tissue of leaves and stolons following the protocol described by Giannopolitis and Ries (1977) with modifications of Zhang et al. (2005) . A 3-mL solution containing 30 µL of enzyme extract, 63 mM of nitro blue tetrazolium (NBT), 13 mM of methionine, 0.1 mM of EDTA, 50 mM of phosphate buffer (pH 7.8), and 1.3 µM of riboflavin was prepared. Glass tubes containing the solution were placed under a light bank (irradiance = 100 µmol m 2 s
1
) at room temperature. The reaction was then triggered by turning on the light and keeping the glass tubes under the light for 10 min. Absorbance was read with a spectrophotometer (SpectraMax M2). The control was an irradiated solution without enzyme extract, while a nonirradiated solution without enzyme extract was used as a blank. Superoxide ions convert NBT to NBT-diformazan, which absorbs light at 560 nm. The SOD activity is then expressed in unit mg 1 proteins. One unit expresses the amount of enzyme that inhibits NBT reduction by 50% and it is presented on a protein basis (unit mg 1 protein). Protein content in the extract was quantified using the Bradford (1976) method with bovine serum albumin as standard.
The experimental design was a completely randomized split-plot with the combination of irrigation system and water quality as whole plot (12 m by 6 m) and grass species (6 m by 6 m), chemicals (2 by 2 m), and sampling dates as subplot treatments. Treatments were replicated three times. Differences in chlorophyll and carotenoids content and SOD activity in leaves and stolons were analyzed using ANOVA in SAS PROC MIXED (version 9.3; SAS Institute, Cary, NC). Similar to what was observed by Schiavon et al. (2014) , our initial statistical analysis also revealed a significant grass species effect including significant interactions with other treatment variables. Therefore, data were subsequently analyzed separately for each grass species. When appropriate, means were separated using Fisher's protected LSD test at the 0.05 probability level. Correlation coefficients between NDVI or visual ratings and pigment content were determined using SAS PROC CORR.
RESULTS

Chlorophyll Content
When chlorophyll a, chlorophyll b, and chlorophyll a + b values were analyzed separately for each species, results indicated that all three parameters showed the same response to treatments (data not presented). Therefore, only results for chlorophyll a + b will be presented in this report. These findings are in agreement with Zhang et al. (2005) , who also reported that chlorophyll a and b content declined similarly when bermudagrass was subjected to Ultraviolet-B stress and published their findings combining chlorophyll a and b content.
The ANOVA revealed that the interaction of year, water quality, and irrigation system influenced chlorophyll content in Princess 77 (Table 1) . Therefore, data were averaged across month and chemical treatment and are presented separately for each year, water quality, and irrigation system. Similar to the results obtained for visual ratings and NDVI (Schiavon et al., 2014) , Princess 77 chlorophyll content was highest during the first year of the study (Fig.  1) . In 2010, no differences were detected between the different combinations of water quality and irrigation system. Overall chlorophyll content of Princess 77 leaves was lower in 2011 than in 2010, but did not differ between plots irrigated with potable or saline water or between SDI-and sprinkler-irrigated plots (Fig. 1) . Chlorophyll content on sprinkler-irrigated plots declined further in 2012, with plots irrigated with potable water exhibiting the lowest chlorophyll content (7.07 µg g 1 FW) of all sampling dates. Chlorophyll content on Princess 77 plots drip irrigated with potable and saline water reached 14.9 and 14.2 µg g 1 FW, respectively, and levels did not differ from those measured in 2011. Moreover, Princess 77 irrigated from a drip system had higher chlorophyll content compared with those irrigated with a sprinkler system (Fig. 1) . Chemical ** Significant at the 0.01 probability level.
*** Significant at the 0.001 probability level.
system and are presented separately for each chemical treatment ( Table 2) . As observed for chlorophyll, neither water quality nor irrigation system had a significant effect on carotenoids content in Princess 77. Carotenoids content increased from 2010 to 2011 for all treatments except for plots irrigated with saline water from a SDI system. From 2011 to 2012, carotenoids content further increased in drip-irrigated plots regardless of the water quality used. Conversely, carotenoids content remained unchanged from 2011 to 2012 on plots irrigated with saline water from a sprinkler system. On plots sprinkler-irrigated with potable water, carotenoids content decreased from 2011 to 2012 (Fig.  3) . When data were presented separately for each chemical treatment, Princess 77 plants treated with TE had the highest carotenoids content (Table 2 ). Revolution had no significant effect on carotenoids content in Princess 77 when compared with untreated controls.
The interaction of year and irrigation system affected carotenoids content in Sea Spray as well (Table 3) . No differences between SDI-and sprinkler-irrigated plots were detected in 2010 or 2011 (Fig. 2) . Carotenoids content in treatments also influenced the chlorophyll content in Princess 77 (Table 1) . When data were averaged across year, month, water quality, and irrigation system, plants treated with TE had the highest chlorophyll content (Table 2 ). No statistical difference was found between plots treated with Revolution and untreated plots ( Table 2) .
The data analysis revealed that the interaction of year and irrigation system affected chlorophyll content in Sea Spray paspalum leaves (Table 3) . For this reason, data were pooled for month, water quality, and chemical treatment and presented separately for each combination of year and irrigation system (Fig. 2) . No differences in chlorophyll content between irrigation systems were detected in 2010 and 2011. However, a reduction was then recorded from 2011 to 2012, with the drop in chlorophyll more pronounced on sprinkler-irrigated plots (from 13.0 to 8.7 µg g 1 FW) than on drip-irrigated plots (from 12.5 to 10.6 µg g 1 FW) (Fig. 2) .
Carotenoids Content
Like chlorophyll content, carotenoids content of Princess 77 was influenced by chemical treatments and by year × irrigation system effects (Table 1) . Therefore, data were averaged across month and chemical treatment and presented separately for each combination of year, water quality, and irrigation system (Fig. 3 ). Data were also averaged over year, month, water quality, and irrigation Table 3 . Results of ANOVA testing the effects of year, month, water quality, irrigation systems, chemicals, and their interactions on turf quality, chlorophyll a + b (chl), carotenoids content, superoxide dismutase activity (SOD) in leaves and stolons of Sea Spray seashore paspalum. Only main effects and interactions that were significant for at least one physiological parameter are presented.
Chl Carotenoids
SOD Leaves Stolons
Year (Y) *** *** NS † NS Month (M) ** ** NS * Y × Irrigation ** ** NS NS * Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
Sea Spray irrigated with SDI increased in 2012, reaching 5.6 µg g 1 FW, whereas Sea Spray irrigated from a sprinkler system maintained similar carotenoids values throughout the 3-yr period, leveling at 4.8 µg g 1 FW in 2012 (Fig. 2) .
Superoxide Dismutase Activity in Leaves
Superoxide dismutase activity in Princess 77 leaves was influenced by chemical treatments and by the interaction of year and water quality (Table 1) . Therefore, data were initially pooled over month, irrigation system, and chemical amendment and are presented separately for each sampling year and water quality (Table 2 ). Subsequently, SOD data for Princess 77 were averaged across year, month, water quality, and irrigation system and are listed separately for each chemical amendment (Table 2) . Superoxide dismutase activity in Sea Spray paspalum leaves was not affected by any of the chemical treatments (Table 3) . In 2010, Princess 77 plots irrigated with potable and saline water exhibited SOD activity of 24.4 and 22.0 units mg 1 proteins, respectively (Fig. 4) . In 2011, SOD increased to 50.9 and 40.1 units mg 1 proteins for both water qualities. In 2012, a reduction in SOD activity to 10.0 units mg 1 proteins was recorded on plots irrigated with potable water, whereas SOD activity on plots irrigated with saline water did not differ significantly from the previous year (Fig. 4) . The enzyme activity found in plants treated with TE accounted for 37.7 units mg 1 proteins and was higher than the activity measured in plots treated with Revolution (24.7 units mg 1 proteins) or in untreated plots (26.4 units mg 1 proteins) ( Table 2) .
Superoxide Dismutase Activity in Stolons
Sampling month affected SOD activity in Sea Spray stolons (Table 3 ), but those results will not be discussed in this report. The interaction between year and application of chemicals influenced SOD activity in Princess 77 stolons (Table 1) . For this reason, data were averaged across month, water quality, and irrigation system and presented separately for year and chemicals (Fig. 5) . Highest SOD activity was recorded in Princess 77 treated with TE (50.5 units mg 1 proteins) and activity did not change during the 3-yr research period (Fig. 5) . In 2010, untreated plots showed a SOD activity of 33.8 units mg 1 proteins, which ]), three chemical treatments (Control, Trinexapac-ethyl, and Revolution) , and five sampling months (June to October). I × Y, irrigation system × year interaction.
was not different from plots treated with TE. There were no differences in SOD activity among treatments in 2011 and 2012 (Fig. 5) . Moreover, stolon SOD activity did not differ between controls and either Revolution or TE in any of the years (Fig. 5) .
Relationship between Visual Data and Measured Variables
Significant (P < 0.001) but weak correlations were found between visual quality and chlorophyll content (r = 0.124) and between NDVI and chlorophyll content (r = 0.140) in Princess 77. The correlation between visual quality and NDVI and between visual quality and chlorophyll content of Sea Spray yielded correlation coefficients of 0.111 and 0.152, respectively (P < 0.001). Correlations were therefore analyzed for each combination of water quality and chemical treatment separately in each grass species; however, although significant, correlation coefficient never exceeded 0.213. Correlations between visual ratings and NDVI and SOD content were not significant for any of the species.
DISCUSSION
Despite low precipitation amounts in the summer-fall of 2011 (90 mm) and 2012 (83 mm), several treatments were successful at keeping the grass alive and sustaining an acceptable quality level (Schiavon et al., 2014) through three summers. Our results indicate that it is possible to grow and maintain warm-season turfgrasses even where water resources are limited and total rainfall is insufficient.
Our findings, namely the documented beneficial effects of TE on drought-stressed Princess 77 support results of similar investigations on cool-season grasses. Drought tolerance has been shown to be positively correlated with levels of antioxidants in wheat (Price and Hendry, 1989) . After applying TE to cool-season creeping bentgrass, Xu and Huang (2010) observed increased photosynthetic capacity, improved drought resistance, and better summer quality. Our findings also support those of Zhang and Schmidt (2000) , who found that application of TE increased SOD activity in creeping bentgrass under normal and low soil moisture conditions. They concluded that higher quality in TE-treated plants was related to a higher photosynthetic capacity coupled with the ability to scavenge radical oxygen more efficiently. In this study, summer TE applications increased chlorophyll content in Princess 77 leaves, presumably leading to a better photosynthetic capacity in the plants. Higher photochemical efficacy, coupled with slower chlorophyll degradation, has already been shown to play an important role in increased heat tolerance in thermal bentgrass (Agrostis scabra Wild.) when compared with creeping bentgrass (Xu et al., 2013) . Trinexapac-ethyl application has been shown to improve drought tolerance and increase fall color retention in bermudagrass (Richardson, 2002) . The ability to retain color longer in the fall can be attributed to the higher pigment content found in TE-treated plants.
The decrease in total rainfall in 2011 compared with 2010 was accompanied by an increase in SOD activity in leaves of Princess 77. The environmental conditions in 2012 were similar or drier than the previous year, but no corresponding increase in SOD activity was observed. Generally, higher levels of SOD activity induced by prolonged periods of drought stress have already been documented in tall fescue (Zhang et al., 2012) . A possible reason why SOD levels did not follow the general trend and increase further in 2012 could be due to the sampling procedure. Contrary to chlorophyll measurements, a heterogeneous sample of leaves was used for SOD analysis. The amount of dead leaves in the sample collected during the third year may have been so high that there was insufficient measurable enzyme activity. Interestingly, lowest SOD activity levels indicating greater stress were found during 2012 in plants irrigated with potable water. Our results suggest that plants irrigated with potable water cannot sustain three consecutive summers of severe drought stress, despite the recovery period in spring, during which grasses were irrigated at 80% ET OS . However, it remains unclear why the same results were not observed on plots irrigated with saline water. While a number of studies have documented superior salinity tolerance of warm-season species (Duncan and Carrow, 1999; Sevostianova et al., 2011; Schiavon et al., 2012) , no studies have reported better turf performance of grasses under saline irrigation compared with potable irrigation. Turfgrass plots were fertilized with equal amounts of N-P-K, however plots irrigated with saline water received an additional dose of K (Schiavon et al., 2014) , which may have resulted in increased stress tolerance of Sea Spray and Princess 77. Shen et al. (2009) attributed an enhanced heat stress tolerance of bermudagrass to an increase in potassium concentration in the cell membranes and Chen et al. (2009) reported an increase in leaf potassium in seashore paspalum with increasing salinity.
Carotenoids can also serve as antioxidant agents, scavenging singlet oxygen and extinguishing triplet state chlorophyll (Zhang et al., 2005) . Levels of carotenoids were also generally higher in 2011 and 2012, when Sea Spray and Princess 77 plants were subjected to greater stress. Differences between irrigation systems were detected during the summer of 2012. Princess 77 and Sea Spray plots irrigated with SDI showed higher carotenoids content in comparison with sprinkler irrigation at the end of the study. Moreover, in 2012, a drastic decrease in pigment content, together with a decline in turfgrass quality and lower NDVI values (Schiavon et al., 2014) , was observed in Princess 77 sprinkler-irrigated with potable water. Zhang et al. (2005) suggested that plants containing a higher pigment content may be better able to resist environmental stresses. Our results suggest that SDI (applying water directly to the rootzone) is preferable to sprinkler irrigation when plants are subjected to long periods of drought stress.
A correlation analysis revealed that neither chlorophyll and carotenoids content nor SOD activity were strongly related to turf quality or NDVI. These results are in disagreement with those of Zhang et al. (2005) , who found a significant and strong correlation between pigment content and turfgrass quality in Kentucky bluegrass. However, the lack of a significant relationship in this study could be due to the difference in sample sizes used for the measurement of the various parameters. Visual quality and NDVI were collected on the whole plot, whereas only 50 mg of plant material were used to determine pigment content and 250 mg for the analysis of SOD activity.
Our results suggest that after 3 yr of drought, an irrigation system that applies water directly to the root zone is preferable to an overhead sprinkler system. Three years of cumulative and chronic drought stress resulted in greater drought stress symptoms on sprinkler-irrigated turfgrasses than on subirrigated ones towards the end of the research period. Improved quality in TE-treated plants may be the result of improved photochemical efficacy and antioxidant activity. Pigment content of TE-treated Princess 77 was greater than in the other treatments, as was SOD activity in leaves. Such improvements were not recorded in Sea Spray, where TE applications were not as effective at improving visual quality as they were in Princess 77.
